Background-Sudden cardiac death (SCD) is a devastating event in the young. Referral to a specialist cardiac pathologist is recommended. Age, sex, and circumstances of death may reflect underlying diagnoses. We aim to describe the demographics of victims and circumstances surrounding sudden cardiac death with a normal heart (ie, sudden arrhythmic death syndrome). Methods and Results-There were 2156 cases of sudden cardiac death from across the United Kingdom referred to a tertiary cardiac pathology service from 1994 to 2010. We analyzed 967 consecutive cases (61% male; median age 29 years) with a normal heart at postmortem. Information from referring coroners' reports was used to ascertain clinical information. Familial evaluation was performed in 5% of cases. Information from these cases was used to determine the likely accuracy of coronial reports. Deaths during sleep or at rest were more common than deaths during exercise or with emotional stress: 82% versus 16%. Death with exercise/stress was more common in males (relative risk, 2.33; 95% confidence interval, 1.56-3.47; P<0.001) and those under 18 years of age: males, relative risk, 2.41 (95% confidence interval, 1.69-3.13; P<0.001) and females, relative risk, 2.91 (95% confidence interval, 1.80-4.01; P<0.001)). Prior syncope (4.1%), documented arrhythmia (3.4%), and family history of sudden death (4.2%) were uncommon. Epilepsy had been diagnosed in 6.6%. Conclusions-Death caused by sudden arrhythmic death syndrome is more common at rest or during sleep. Death with exercise/stress is more common in males and those aged below 18 years. Up to 90% of SADS victims have no preceding symptoms or recognized risk factors for sudden death. Epilepsy may be considered a risk factor for SADS.
A lthough sudden cardiac death (SCD) is a common mode of death in older people, it is an uncommon but distressing event in the young. Evaluation of SCD can identify the underlying pathology and potentially avoid further events in family members. Although postmortem examination may reveal an underlying structural abnormality, a significant proportion of hearts are found to be normal. A structurally normal heart is seen in ≤59% of all SCDs in young people [1] [2] [3] [4] [5] [6] [7] [8] [9] and ≤23% in athletes. 10, 11 
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In the context of negative toxicology and a morphologically normal heart, the term sudden arrhythmic death syndrome (SADS) is used. 12 Evaluation of blood relatives has established that genetic cardiac disease underlies up to half of SADS deaths. 12, 13 The predominant conditions are Brugada syndrome, long QT syndromes (LQTS), and catecholaminergic polymorphic ventricular tachycardia (CPVT). 13 Familial evaluation may also identify evidence of cardiomyopathies in a small minority of relatives of SADS victims because structural and functional dysfunction may be more apparent in living relatives than in the SADS proband. 12 SCD is more common at rest or during sleep, 1, 2, 4, 5 but the numbers of cases with normal hearts confirmed at autopsy are small. Winkel et al 1 described 136 cases of SCD with a normal heart at postmortem with 46% dying during sleep. Reddy et al 4 found that only 5% of 304 adult cardiac arrests occurred with vigorous physical activity.
The purpose of this study was to describe the demographics and circumstances surrounding the deaths of a large cohort of autopsy-negative SCD victims and to evaluate surviving family members when possible.
Methods

Setting
In England and Wales, the coroner is legally qualified judicial officer but may also have medical qualifications. They are required by law to investigate all sudden unexplained deaths (SUD; Section 1, Coroners and Justice Act 2009). It is the duty of the coroner to provide a cause of death, and this frequently requires a postmortem examination. In 2011, postmortem examinations were undertaken in 19% of all deaths in England and Wales. 14 This rate is significantly higher than those in the United States 15 and Western Europe. 16 In the event of SUD, a general pathologist will carry out a postmortem examination. Once the pathologist eliminates other causes of sudden death, he/she will examine the heart and may send it to a specialist cardiac pathologist. The Cardiac Risk in the Young Center for Cardiac Pathology at the Royal Brompton Hospital and St George's, University of London provides an expert cardiac pathology service for cases of SUD across the United Kingdom. It is funded by the charitable organization Cardiac Risk in the Young for deaths below the age of 35 years but accepts referrals of all ages.
Case Selection
Between 1994 and 2010, there were 2156 cases of SCD referred to the Cardiac Risk in the Young center for cardiac pathology. All deaths occurred suddenly and unexpectedly and were either witnessed or occurred within 12 hours of being seen alive and well. Following a locally performed postmortem, a specialist cardiac examination was undertaken by the senior author M.N. Sheppard.
Cases attributed to coronary artery disease (n=191) or structural heart disease (n=983) were excluded as were patients in whom toxic levels of drugs (n=5) were determined to be the cause of death. Ten infants were excluded to avoid confusion with sudden infant death syndrome, although 10% to 15% of these may be channelopathic. 17 The final cohort comprised 967 consecutive cases of SCD, where the heart was structurally normal and toxicology negative, that is, SADS (see Figure 1 ). For the purposes of analysis, the cohort was separated by age: 1 to 35 and over 35 years reflecting the traditional cut off used for young SCD. [1] [2] [3] [5] [6] [7] [8] The 1 to 35 years age group was further divided into 1 to 17 and 18 to 35 to permit comparisons between children and young adults.
Clinical Data Collection
Information pertaining to the cases collected by coroners' officers was reviewed by 2 authors (S.D. Noronha and H. Raju). Data were collected for sex and age and, where available, activity at time of death, body mass index, relevant antemortem medical, and family history. Epilepsy was coded where a clinical diagnosis of epilepsy, or prior seizure unrelated to fever or alcohol withdrawal, was stated in the coroner's report. Information pertaining to the use of antiarrhythmic medications, prior chronic alcohol use, or recreational drug use was also recorded as described in the coroner's report. Because the majority of the cohort did not have an antemortem ECG and postmortem examination has a low sensitivity for the detection of an accessory pathway, 18 it was not possible to exclude deaths related to Wolff-Parkinson-White syndrome. To avoid potential bias, individuals with an antemortem diagnosis of preexcitation were included. Drawing on previous classification of activity at time of death, 4 activity was categorized as sleep, if the individual was found dead in bed; rest, if the individual was apparently seated, indoors, witnessed standing or engaging in light activities of daily living only; exercise, if the individual was witnessed as having undertaken at least moderate physical activity at the time of or ≤15 minutes before death; emotional stress, if the individual was witnessed to be involved in an altercation or was restrained at the time of death; peri-operative, if the death occurred immediately before, during, or after general anesthesia. If insufficient details were provided, the case was recorded as unknown and excluded from analysis of circumstances of death. Deaths associated with exercise or with emotional stress were aggregated because they may share adrenergic triggers. Deaths occurring at rest or during sleep were aggregated as they are likely to have occurred in the absence of adrenergic triggers. Perioperative deaths were not included in either group.
Postmortem Examination
In 474 (49%) cases, the whole heart was received for evaluation. In the remaining 51%, gross inspection of the heart was performed locally, and prepared histological blocks and slides were received for expert analysis. The decision to refer the whole heart or blocks and slides was at the discretion of the referring pathologist. M.N. Sheppard performed the specialist cardiac pathological examination in all cases. The pathological methodology and criteria for defining cardiac pathology have previously been described [19] [20] [21] (see supplementary data). Cases with pathological findings of uncertain significance were included because it has been shown that familial evaluation of such cases identifies a similar proportion of arrhythmic syndromes to other contemporary SADS cohorts. 21 The postmortem methodology was consistent throughout the period of study.
Familial Evaluation
The authors E.R. Behr and S. Sharma run a dedicated regional cardiogenetics service specializing in the assessment of families following an SADS death. We retrospectively analyzed data from 44 families where the SCD was included in the cohort; ≥1 family member was independently referred for assessment; and consent was obtained for participation in research. No families considered for inclusion refused consent. The assessments were undertaken in a systematic manner as previously described 12 (see supplementary data).
Validation of Coronial Data
To evaluate potential under-reporting of antemortem symptoms and family history of sudden death, data obtained from coroners' reports were cross-referenced with records from familial evaluation. Specifically, previous diagnoses of arrhythmia, rates of prior syncope, and family history of sudden death were compared. 
Statistical Analysis
Data are presented as mean±standard deviation. P values were calculated using the student t test for continuous variables and the χ 2 test for independence or Fisher's Exact test for categorical data. All tests were 2-sided, and a significance value of P<0.05 was used. A logistic regression model was used to estimate relative risks (RR) for exercise/stress-related death associated with age, adjusted for sex. Cohen's kappa coefficient was used to calculate interobserver agreement. Calculations were made using R version 3.0.1 (R project).
Results
The mean age of the 967 cases was 31.4±13.7 years. Of these, 146 (15%) were aged 1 to 17 years old ( Figure 2 ). The majority (588; 61%) were male. The males were younger than the females (30±12.2 years versus 33.5±15.4 years, P<0.001). The mean body mass index was available for 367/967 (35%) cases and was 25.2±5.7 kg/m 2 . This was similar in males and females (25.3±5.3 kg/m 2 versus 25.0±6.3 kg/m 2 , P=0.630).
Prior Symptoms and Medical History
Prior syncope was documented in only 40/967 (4.1%) patients based on data from coroners' reports. This proportion was significantly higher in those aged <18 compared to older individuals (RR, 3.03; 95% confidence interval (CI), 1.62-5.66; P<0.001). Arrhythmia or conduction disease had been previously documented in 3.4% (33/967: 6 survived a previous cardiac arrest; 5 had known diagnoses of LQTS; 3 had known but untreated accessory pathways; 4 had previous supraventricular tachycardia; 5 had a history of atrial fibrillation; 1 had atrioventricular node disease; 1 had left bundle branch block; and 8 had previous ventricular tachycardia, or ventricular ectopy). There was a prior family history of sudden death in 41/967 (4.2%) patients. There was no known history of arrhythmia, syncope, or family history of sudden death in 89.7% of cases.
Epilepsy or prior seizure was documented in 64/967 (6.6%) and was most common in those under 18 (RR, 3.68; 95% CI, 2.05-6.60; P<0.001). Detailed information regarding neurological investigation was available for 17 individuals, 10 of who had abnormal findings or coexisting neurological diagnoses. Of 16 witnessed deaths in epileptic individuals, a terminal seizure was recorded in 6 (38%).
Antiarrhythmic medications were used by 7/967 (0.7%). Rates of excess alcohol and recreational drug use were 53/967 (5.5%) and 46/967 (4.8%), respectively. The use of both was more common in the 18 to 35 group (see Table 1 ). Recreational drug use was also more common in males (RR, 2.05; 95% CI, 1.05-3.99; P=0.03). There was no association between the use of antiarrhythmic medication, alcohol or recreational drugs, and the circumstances of death. 
Circumstances of Death
The circumstances of death were recorded for 780 cases (81%). Death occurred at rest in 429 cases (55%) and during sleep in 214 cases (27%). Deaths occurred during exercise in 98 cases (13%) and related to an episode of emotional stress in 28 cases (4%). Eleven (1%) deaths were perioperative. There was insufficient information provided to ascertain the circumstances of death in 187 (19%) cases. Therefore, of 780 cases where the circumstances of death were known, 643 (82%) occurred during rest or sleep and 126 (16%) occurred with exercise or emotional stress. Male sex and age <18 years were independently associated with exercise/stress-related deaths. Exercise/stress-related death occurred in 21% of males compared with only 9% of females (RR, 2.33; 95% CI, 1.56-3.47; P<0.001). The RR of exercise/stress-related death below the age of 18 years was 2.41 (95% CI, 1.69-3.13; P<0.001) for males and 2.91 (95% CI, 1.80-4.01; P<0.001) for females. The difference between the 2 older groups (ie, 17-35 versus >35 years) was not significant (P=0.821; see Figure 3 ).
Pathological Analysis
There were 474 whole hearts received for evaluation (mean age 30.7±12.9 years, range 1-80) with a mean heart weight of 340±93 g (males 376±92 g, females 296±80 g, P<0.001; 1-35 years, 333±10 g, >35 years, 368±85 g; P<0.001). Minor pathological findings were seen in a small number (32/474, 6.8%) and were more common in individuals >35 years (13.7% versus 4.4%; P<0.001): 14 hearts had minor fatty infiltration of the right ventricle without associated fibrosis and insufficient for a pathological diagnosis of Arrhythmogenic Right Ventricular Cardiomyopathy; 8 had minor patchy fibrosis; 1 heart had a single small lymphocytic focus with no other evidence of inflammation; there were slightly increased wall dimensions with a normal heart weight in 4 hearts, insufficient for a diagnosis of left ventricular hypertrophy; 6 had minor myxomatous change of the mitral valve without significant prolapse.
There was no association between the presence of any minor findings and the circumstances of death.
Familial Evaluation
We were referred and were able to include 161 relatives following the SCD in 44 cases. This represents 5% of the overall cohort. There were 122 (76%) first-degree relatives and 74/161 (46%) were male. The mean age was 35.5 years. An inherited cardiac condition was found in 39/161 (24%) individuals (51% male, mean age 35.5 years) from 20/44 families (45%): 17 (39%) Brugada syndrome; 2 (5%) LQTS; and 1 (2%) dilated cardiomyopathy (see Table in the Data Supplement).
Familial evaluation revealed 7/44 SCD victims with prior syncope, 4 of which were identified in coronial reports (16% versus 9%; 93% agreement, k=0.7). A previous arrhythmia had been diagnosed in 2/44 SCD victims, both of which were identified in the coronial reports (100% agreement, k=1). There was a family history of a previous sudden death in 2/44 SCD victims, neither of which were identified in the coronial reports (95% agreement, k=0).
Discussion
To our knowledge, this study describes the largest consecutively studied cohort of SCDs with a structurally normal heart. Specifically, we have reviewed clinical characteristics and circumstances of death and stratified analysis according to age. Over a 16-year period, 45% of cases of sudden death that were reviewed had a normal postmortem examination. This is a higher proportion than in previously published series [1] [2] [3] [4] [5] [6] [7] [8] 10, 11 and may be explained by referral to a cardiac specialist pathologist being more likely when the initial postmortem examination appears normal and no cause of death is identified.
The study demonstrates the varying circumstances of death according to age. The majority of individuals died during rest or sleep when vagal autonomic tone is more likely to predominate. This was more marked in the adult age groups and raises the possibility of Brugada syndrome as the cause in some of these patients. 22 Brugada syndrome was the most common diagnosis in the family members of the SADS victims who were investigated at our institution. The LQT3 and LQT2 subtypes of LQTS may also play a role in this group. Death occurring in situations where adrenergic triggers are likely, such as during significant physical activity or emotional stress was observed more commonly in males and in those aged <18 years old. There was no influence of age >18 years. This is similar to CPVT and the LQT1 subtype of LQTS, where exercise-related death is more common in young male children. In a study of 173 consecutive molecular autopsies of SUD, Tester et al found the highest proportion of CPVT and LQTS mutation carriers (34.8%) in exercise-related deaths. A positive finding was also more common in younger children suffering exercise-related death than older. 23 Priori et al also showed that males with RYR2 mutations were more likely to experience events than females. 24 It is therefore possible that an undiagnosed population of CPVT and LQTS drives the excess of exercise and stress-related deaths in young males in this study. Unfortunately, routine molecular autopsy was not available for our cohort and so this hypothesis cannot be validated. More recently, the retention of tissue suitable for DNA extraction and the conduct of a molecular autopsy has become enshrined in consensus guidelines for genetic testing and the management of arrhythmia syndromes. 25 Molecular autopsy should now therefore form an integral part of the assessment of SUD, and we are hopeful that prospective research will confirm its role in improving diagnostic yields in SADS and thereby improve the assessment and management of families of SADS victims.
Despite being well recognized as a risk factor for arrhythmic events in various arrhythmia syndromes, prior syncope was only documented in a small minority of cases. Similarly, a family history of sudden death was also infrequent. It must be accepted that this low prevalence may be in part because of the limitation of coroners' reports as a data source because they are not standardized to collect such information. We examined this by cross-referencing data with clinical records from our own institution, which were available for 5% of the cohort, and showed there was likely good agreement regarding previous arrhythmic diagnoses, but significant under-reporting of prior syncope and family history of sudden death was likely in the coronial reports. Further supporting evidence of the likely accuracy of these figures comes from the UK National Audit of SADS where a similar prevalence of family history of premature sudden death was reported to that found from our coronial data: 3.9%. Patients in this audit were of a similar age to our cohort and with a similar male predominance, although its authors also note the limitation of incomplete data collection and there is some overlap of cases that were also included in this study. 26 Furthermore, previous studies have also shown prior symptoms in only a minority of SADS victims. 12, 27 Standardization of the coronial reporting system to include mandatory questioning regarding prior symptoms, personal medical history, and family history in cases of SUD is essential to enable accurate and reliable reporting of these important antemortem features in the future. Only with detailed and accurate information collected at the time of death will the important questions regarding the role of prior symptoms and medical background in SUD be addressed.
Although syncope appeared to be uncommon, there was a significantly higher rate in those <18. This mandates thorough assessment of any individual presenting with syncope in this age group.
The prevalence of epilepsy was 6.6%, higher than both syncope and family history of sudden death across the whole cohort and was particularly common under the age of 18. This is significantly higher than the background prevalence of epilepsy in the United Kingdom 28 and is in keeping with the known association between epilepsy and sudden death, 29, 30 particularly as young age at the time of epilepsy diagnosis is considered a risk factor for Sudden Unexplained Death in Epilepsy. 31 Stecker et al 32 recently reported that 4.4% of sudden cardiac arrest victims had a previous diagnosis of epilepsy. The higher rate in our cohort may be explained by the fact that Stecker et al analyzed all sudden cardiac arrests, with only a small proportion of these having normal hearts confirmed at postmortem, whereas a normal heart, as in our study, would be the expected finding in Sudden Unexplained Death in Epilepsy. Similarly to Stecker et al, we found that only a minority of individuals with epilepsy had witnessed seizure before death (38%). The cases of epilepsy in our cohort were not limited to only those with abnormal neurological findings but also highlight the potential for misdiagnosis of apparent seizures as epilepsy rather than cardiac syncope. 33 A diagnosis of epilepsy, particularly in children, should therefore prompt a cardiac evaluation, including an ECG in addition to neurological assessment.
Limitations
This study comprises cases referred for a specialist cardiac pathological opinion. We therefore cannot comment on the overall incidence of SUD in the United Kingdom. There are potential referral biases: younger patients are more likely to be referred, particularly because the service is funded by a charitable organization for individuals aged <35 years old, as are patients in whom the original postmortem did not reveal a cause of death.
The study is retrospective and clinical information is based on coroners' reports. Such reports are not standardized to assess SUD. Therefore, information in these reports is variable and may underestimate the presence of antemortem features. The circumstances of death were unknown in 19% of cases and prevalence of prior syncope and family history of sudden death may be under-reported. Analysis of familial assessments is a convenience study representing only 5% of our cohort, thus limiting the extent of corroboration of coronial data and the generalizability of any conclusions to be drawn from familial diagnoses. Finally, caution must be used extrapolating findings to other geographical areas because of potential genetic and environmental differences.
Conclusions
Sudden death in individuals with a normal heart at postmortem (ie, SADS) most frequently occurs at rest or during sleep. The findings suggest that Brugada syndrome may be an important cause in adults in our population. Death during exercise or with emotional stress is more common in males and in children and teenagers, perhaps reflecting an increased prevalence of, or vulnerability to, CPVT and LQTS in this population.
Although syncope was uncommon, it was more prevalent in children and should prompt thorough assessment in this age group. The majority of deaths occur in individuals with no prior symptoms or family history of sudden death. A significant number of SADS victims have a history of epilepsy and therefore a new diagnosis of epilepsy should also prompt cardiac assessment with an ECG.
